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ABSTRACT 


Based  on  a newly  developed  asymptotic  Green's  function  for  a magnetic 
dipole  on  a conducting  surface  fl],  this  paper  presents  a simple,  closed- 
form  formula  for  the  mutual  admittance  between  two  slots  on  a cylinder  or  a 
plane.  When  compared  with  the  exact  solution  obtained  by  numerical 
integrations,  this  formula  gives  accurate  results  when  the  slots  are 
relatively  small  and  their  separation  large. 
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1.  INTRODUCTION 

This  paper  contains  two  results  for  the  mutual  admittance  between 

two  slots  on  the  surface  of  a large  conducting  cylinder  (including  the 
conducting  plane  as  a special  case).  The  first  and  the  main  result  is 
that  an  approximate,  closed-form  solution  of  derived.  This  solution 

may  be  considered  as  a simplified  version  of  the  asymptotic  solution  of  Y^2 
reported  in  (IJ,  as  the  two  surface  integrals  over  tlie  apertures  of  the 
slots  are  no  longer  needed  in  tlie  present  approximate  solution.  Our 
second  result  concerns  tlie  derivation  of  an  exact  solution  of  Y^.,,  which  is 
given  in  terms  of  an  inverse  Fourier  transform  and  an  infinite  summation  of 
cylindrical  modes.  Tliis  solution  is  based  on  the  original  expression  for 
Y^,  described  by  Stewart,  Golden,  and  Pr idmore-Brown  [2],  [3],  and  is  more 
suitable  for  numerical  calculation  for  some  cases. 

This  work  is  undertaken  for  the  following  reasons.  The  determination 
of  Y|  , (or  its  dual  probU'm  for  bettv^een  two  dipoles)  is  not  only  a 

classical  problem  in  electromagnetics  that  has  attracted  wide  attention 
[1|  - llOl,  but  also  an  integral  part  in  the  design  of  modern  conformal 
arrays  [1I|  - [ 1 1 1 . In  the  latter  application,  Y ^ must  be  repeatedly 
lalculated  for  a large  number  of  times.  Thus,  a simple  closed-torm 
solution  should  greatly  reduce  tlie  cuimputat  ion  eftort  and,  t urtliermore, 
provide  a better  physical  insight  for  the  design  problem  as  the  'cause" 
and  "effect"  can  be  readily  identifieil  in  a closed-form  solution. 

The  organization  of  this  pai)er  is  .as  follows.  In  Section  2,  we  first 
del  i lie  Y|,,  and  then  give  the  final  form  of  its  approximate  solution. 
Discussions  and  numerical  results  are  presentetl  in  Section  3.  In  the 


2 


'V  last  two  sections  (4  and  5),  the  derivations  of  both  the  approximate  and 

*•  ‘ the  exact  modal  solutions  of  \’j2  are  given.  Fock  functions  used  in  the 

text  are  described  in  the  Appendix. 
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2.  APPROXIMATE  FORMULA  FOR  MUTUAL  ADMITTANCE 

Referring  to  Figure  1,  consider  two  slots  on  the  surface  of  an 

infinitely  long  conducting  cylinder  witli  radius  R.  The  orientation  of 

the  slots  mav  be  either  circumferential  (Figure  lb  where  a > b , n = 1,2), 

n n 

or  axial  (Figure  Ic  where  a^^  < b^) . The  problem  is  to  determine  the 
mutual  admittance  between  these  two  slots  when  kR  is  large. 

First  let  us  define  mutual  admittance.  Tliroughout  this  work  we 
always  assume  that 

(i)  the  slots  are  thin,  and  (2.1a) 

(ii)  their  length  is  roughly  a half-wavelengtli . (2.1b) 

Tlien  the  aperture  field  in  eacli  slot  can  be  adequately  approximated  by  a 
simple  cosine  distribution,  which  is  tlie  so-called  "one-mode"  approximation. 
For  example,  if  slot  1 is  circumferential  (Figure  lb),  its  aperture  field 
under  tiie  "one-mode"  approximation  is  given  by 


K - V^e^  , H - l^h^ 


where 


/ - 


e = z / cos  — - V , h = X X e 
1 *'■’11  ‘^1  ^ 

y = Rb  . 


(2.2a) 

(2.2b) 

(2.2c) 


(Vj,lj^)  are  respectively  the  modal  (voltage,  current)  of  slo*  1.  The 
mutual  admittance  is  defined  by 


21 


12  21  V, 


(2.  J) 


where  1-'^  the  induced  current  in  slot  2 when  slot  1 is  excited  by  .i 

voltai’e  Vj  and  slot  2 is  short-circuited.  An  alternative  expression  'or  ^ , 
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12  ~ V^V, 


E,,  X H • ds. 


= aperture  o!‘  slot  2 

ilj  = magnetic  £ eld  when  slot  1 is  excited  with  voltage  V^,  and 
slot  2 is  covered  by  a perfect  conductor 
= electric  field  when  slot  2 is  excited  with  voltage  V^,  and 
slot  1 is  covered  by  a perfect  conductor. 


Because  = I,,^h.,  and  E^  = V,  e.,,  it  is  a simple  matter  to  verify  that 
(2.3)  and  (2.4)  are  equivalent  [Ibl. 

There  is  an  alternative  definition  of  mutual  admittance.  Instead 
of  (2.2),  a modal  voltage  (with  a bar)  may  be  defined  through  tlie 
ecpression  for  the  aperture  field  of  slot  1 as  follows: 


-►  ''  1 — T7 

E = z r V,  cos  — - y 
b 1 


or  equivalently 


'■)  ■ ■ “y-o 


Then  a different  rjtual  admittance  V^,  is  defined  by  (2.4)  after  replacing 
(V^  .V.,)  by  (Vj.V,,;.  It  can  be  easily  shown  that 


Y . ^ - I Y . 

12  2 bjb.,,  ^2 


Two  remarks  are  in  order:  (i)  in  the  limiting  case  that  and  b^  • 0, 

1/2 

goes  to  zero  as  (’  jh,)  *■ , whereas  Y^^,,  approaches  a constant 
independent  of  and  b.,.  (ii)  For  the  special  case  a^  = a.,  = '/2  and 
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R ->■  it  is  not  Y^^i  that  is  identical  to  the  mutual  impedance 

be'twoen  two  corresponding  dipoles  calculated  by  the  classical  Carter's 
method  [5],  [8],  [9].  (iii)  Rlien  the  slots  are  excited  by  waveguides 
(transmission  lines!,  one  oiten  uses  ^^12^'  hrom  here  on,  we  will 

concentrate  on  Y^^  instead  of  Y^^- 

For  the  two  slots  in  Figure  1,  the  final  form  of  an  approximate 
solution  ofY^^  is  as  follows  (for  exp  +jwt  time  convention): 

Circumfer  ^ntj^a 1 slots 

Yj^^  ' - (a^b^a^b^)  ^ S(b^  sin  9)  S(b,  sin  9)  Cfa^^  cos  9)  C(a^  cos  9) 

” (2.7I) 

Axial  slots 


(a^^b^a^b 8(3^^  cos  9)  S(a^  cos 


of  C(h 


The  various  factors  in  (2.7)  are  explained  below.  S and  C are  simple 
trigonometric  functions 


, sin  (kx/2)  cos  (kx/2) 

S(x)  = — r,.-/-',-, — « u(x)  = — 


(kx/2) 


1 - (kx/7T)- 


(2.8) 


The  (simplified)  Creen's  functions  g^  and  g are  given  by 

V ^ 


; = C(s)  '.'(•■,)  (sin“  9 + cos  29^  + u(^)  cos'"  9 


ks 


ks 


r ■ - 2 / T 4 1 

* 1u'(%)(>2  kK  cos  9)  sin  9J 

'"'21  ' i 2 1 

g = C(s)  v(r)  cos  9 - cos  29^  + ^ ’i(C)  sin  9 


ks 


ks 


where 


k^Y  _-iks 

(;(s)  = T . *^  ■ — , Y = -f- 

2 - ) k s 0 1 . 

■ = (k  cos“  P/2R^)^'’^  s 


(2.9a) 

(2.9b) 

(2.10) 

(2.11) 


1 


s = 


- tan  (Zq/R^^)  . 


(2.12) 

(2.13) 


The  Fock  functions  u and  v are  explained  in  the  Appendix.  In  the  limiting 
case  kR  > »=  (slots  on  a planar  surface),  (2.9)  is  further  simplified  to 
become 


— i"  2 ^ ^ 

g.  = G(sl  sin  6 + (2  - J sin  0)  , 

$ - ks 


kR  ->■  “> 


12  1 2 1 

= G(s)  cos  9 + (2-3  cos  9):  , 


(2.14) 


The  formula  in  (2.4)  is  an  approximate  solution,  valid  under  the  conditi 


ion 


kR  >>  1 and  ks  >>  1 


(2.15) 


The  numerical  accuracy  of  the  formula  is  discussed  in  Section  3,  and  its 
derivation  in  Section  4. 


3.  NUMKRICAL  RESULTS  AND  DISCUSSION 


For  liie  two  slots  in  Figure  1,  tiie  final  form  of  the  approximate 
solution  of  Y I is  given  in  (2.7).  Generally  speaking,  its  accuracy  is 
good  only  if 

(i)  the  size  of  the  slots  is  small  in  terms  of  wavelengtli, 
and / or 

(ii)  the  separation  of  the  slots  is  large  in  terms  of  wave- 
length. 

In  this  section,  we  will  givt>  some  numerical  examples  to  illustrate  the 
quantitative  accuracy  of  (2.7). 

(A)  Circumferent  ial  lyl^ot  - (Figures  2 and  3).  The  size  of  eai'h  slot 

is  0.51  X 0.21,  .'ind  the  I'vlinder  radltis  is  IX.  I’ ^ is  presented  in  (dB, 
normaJ  ized  phase)  format,  where  dB  = 20  log^^j  ( Y ^ | in  mho)  and  normalized 
phase  is  equal  to  Arg(Yj,,  expjks).  Three  si'lntions  of  Y^,,  are  given:  the 

U [ ex. let  modal  solution  caUulated  from  (5.2),  (5.3)  and  (5.9);  the  U 1 
asvmptotic  solution  ri.'ported  in  |1|;  and  the  approximate  solution  in  (2.7). 
We  note  that  all  the  three  sc.lntions  are  in  .in  exi'ollent  .agreement. 

(B)  Peri-eiit  .age  Error  vs_._J3J_ot  Posit  icni  - (Figures  4 and  5).  In  thesi> 
figures,  the  coordin.ites  of  each  point  determine  the  cen t er- t o-cen t e r 
dist.nii'e,  in  f .and  z directions  between  two  slots.  The  pairs  of  numbers  in 
the  p.irentheses  .ari.'  the  p>.' r ct,ai  t age  error  in  m.agnitudi’  .and  tin'  absolute 
error  in  phase  of  Y ^ .as  c.i  1 cu  1 .at  lal  bv  t lu'  .approx  im.it  i'  formula,  respec  t i ve  1 v 
For  the  c i n- umferen  t ial  slots  (Figure  4),  the  iiccur.acv  is  genertillv  verv 
good.  For  the  .axi.il  slots  (Figure  5).  the  approxira.ate  formula  gives  erratic 
results  (,,s  high  .as  27  periaait  error  in  m.agnitude)  wluai  t lu'  t wci  slots  ,ire 
vi'rv  i-losi’lv  displ.iied  in  the  t-d  i root  ion . The  re.ason  for  this  inaccuracy 
is  th.it  the  surl.i.  e t ield  due  to  a m.ignetic  dipole  vtiries  verv  rapidl\'  .is 

■ 1 luii(  ti*>n  ot  ,■  win  II  the  ohserv.it  ion  point  is  close  bv. 
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(C)  Accuracy  vs.  Cylinder  Radius  (Figure  6).  The  accuracy  of  tlie 
approximate  formula  is  not  sensitive  to  the  radius  of  the  cylinder. 

(D)  Planar  Slots  (Tallies  1 and  2).  The  mutual  admittance  hetwei-n 

two  identical  slots  of  dimension  (a  = 0.69),  h = 0.3))  on  an  infinite 
conducting  plane  is  calculated  as  a function  of  and  y^  (the  i-enter-to- 
center  distance  between  two  slots  in  z and  v directions,  see  Figure  lb). 


Yj,  is  given  in  (dB,  pliase  in  degrees).  In  both  K-plane  and  H-plane  couplings, 
the  approximate  formula  is  accurate  when  the  separation  is  at  least  two  wave- 
lengths (2.6").  It  should  be  also  remarked  that  the  present  slots  (0.69A 
0.3X)  are  relatively  large.  The  accuracv  of  the  approximate  formula  is  better 
when  the  slots  are  smaller. 


I 
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4.  DERIVATION  OF  APPROXIMATE  FORMULA 


We  will  now  give  the  derivation  of  the  formula  in  (2.7a) [that  of 
(2.7b)  is  very  similar].  Consider  a circumferential  infinitesimal  dipole 
located  at  Q'  on  the  surface  of  a cylinder  (Figure  7)  wliich  is  described  by 
the  magnetic  current  density 


K = 6(r  - R)  6(C>)  6(z)  . 

K 


At  an  observation  point  0 on  the  cylinder,  the  d-component  of  the  H field, 
denoted  by  g , is  determined  in  Eq . (2.16b)  of  [1],  which  reads  in  the 

y 

present  notation, 

r r 2 i 1 

g^(t,a)  "V  G(t)  '^v(Oj^sin  ^ cos  2aj 

/ i 1 r 2 / 2 i ' ? i ' 2 1 

+ 1 u(5)  cos  a 1 - + f—  sin  a 


ktt  kt, 


+ j(/2  kR/cos^  a) 


j^v'(5)  sin*"  a + jtan^  a + u'(f,)  cos“  a]^ 


where  (t,a)  are  the  cylindrical  coordinates  of  Q with  respect  to  the  origin 
at  O'  on  a developed  cylinder,  and 


K = (k  cos'^  0/2R^)^^^  t 


The  formula  in  (4.2)  is  mainly  t)ased  on  a classical  work  of  Kock  [17],  and 
contains  a modilication  tliat  introduces  a field  dependence  on  the  surface 
curvature  in  the  binormal  direction  ol  tlie  surface  ray  (s»-e  Section  6 of 
[1]).  This  formula  is  asymptotically  valid  tor  kK  • '■>.  and  may  be  used  to 
calculate  tlie  field  at  any  point  on  tiie  cylindrical  surf. ice. 


in 


Making  use  of  the  Green's  function  in  (4.2),  we  next  calculate  the  surface 
field  due  to  slot  1 on  a cylinder  (Figure  8).  The  aperture  distri- 
bution of  slot  1 is  detrcribed  in  (2.2a),  which  may  be  replaced  by  an 
equivalent  magnetic  current  density  (p.  108  of  [18]) 


K = $ 6(r  - R) 


/^bT  ""i 


(4.4) 
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Then,  at  an  observation  point  Q is  obtained  by  superposition,  namely. 


fi  i 

1 

1 i 

COS  — V 

1 "l 

g (t,u)  dv  dz 
9 


(4.5) 


The  expression  for  calculating  the  mutual  admittance  between  tlie  two 

slots  in  Figure  8 is  given  in  (2.4).  Note  tliat  is  described  much  as 
(2.2a)  and  in  (4.5).  Tiien  (2.4)  becomes 


"l2  = 


-2  ( 


I dy  dz  dv,,  dz.,  cos  — yl  I cos  — - v,,  i g (t,a) 

Ja,  ' JJa,,  . ^1  ■ il  -"2 


(4.6) 


The  distance  t in  (4.6)  is  given  by 


t = [ (s  cos  9 + y,,j  - y)“  + (s  sin  0 + z,,  - z)] 


1/2 


(4.7) 


It  s is  large  relative  to  the  length  of  either  slot,  t may  be  approximated  by 


t ( 


I Yj  - V 

! s 1 1 + COS  V — + sin 

5.  « 


s 


(4.8a) 


(4.Sb) 


in  evalii.it  ing  the  magnitude  of  g in  (4.b),  we  use  tlie  approximation  in 

9 

f4.8a;,  wliereas  in  evaluating  its  progressive  pliase  term,  we  use  (4.8b). 
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5.  EXACT  MODAL  SOLUTION 

The  admittance  defined  in  (2.J)  may  be  calculated  exactly  by 

using  cylindrical  modes,  as  has  been  done  by  Stewart,  Golden  and 
Hr idmore-Brown  [2],  [3].  Extensive  numerical  results  of  calculated 
from  the  SGP  solution  are  reported  in  [13],  [14].  As  will  be  explained 
below,  the  SGP  solution  is  not  suitable  for  numerical  calculations  when 
the  slot  separation  (Figure  la)  is  large.  In  this  section,  we  will 
derive  an  alternative  modal  solution  of  Y^^  wliich  does  not  have  this 
d i f f iculty  . 

Let  us  first  consider  the  circumferential  slots  shown  in  Figure  lb. 
For  the  case  that  = a.,  = a and  b^  = b,,  = b (identical  slots),  the 
mutual  admittance  h , is  given  in  Eq . (8)  of  [ 3]  , which  reads  in  the 
present  notation. 


r 


12 


dk  ) ■,  (m,k  )G(m,k  )t 

z ^ z z 


i(m:^,+k^^Zo) 


(5.1a) 


where  , 1 

sin^(k  b/2)  (sin  (ml  + ~/2)  sin  (m;  - ~/2)^ 

an  _ I a , V 

7i<’  I./ ■ I”"-.,  * > 

/, 


(5.1b) 


(a/2R) 


( i ( r', , k ) 
/ 


jk  (k  R)  , mk  “ k H (k  R) 

_m_  _2._.  + • J-  

''t  R)  ',k‘R  1'^^  (k  R) 

m t l ;i,  t . 


(5.1c) 


The  multiplication  factor  2 in  the  definition  of  in  [3]  is  a misprint 
and  should  be  removed. 
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k-’  - k ^ 
z 


, if  k ■ k 
— z 


^ =s 


i -j  /k^  - k^  , if  k < k 
^ z — z 


Rewrite  in  terms  of  its  real  and  imaginary  parts; 


Yj2  = C + jB  . 


(5.2) 


It  ean  be  shown  that  G is  given  by 
k 


where 


-f  i 


cos  mii 


0 


0 m=0  ^m 


c:os  k z,,  iji(m,k  )K(m,k  ) dk 
z 0 z z z 


2 11 
R(m,k  ) = - — - • — • i — ■ 
z Jik  R k I ,,2 
t t 


mk 


J 


1 k k R 7 I 

M (k  R)  t M-(k  R) 

I.  m t m t ; 


= d^x)  + v^Cx) 


■'ii(x)  = d’-^(x)  + Y’’(x) 


(5.3a) 


(5.3b) 

(5.3c) 

(5.3d) 


m \ 


2 , m = 0 

1 , m # 0 


(5.3e) 


We  note  that  (!  contains  a finite  integral  and  can  be  ev.iluated  in  a straight- 
forward manner  by  standard  numerical  integration  techniques.  The  imaginarv 
part  of  Y|2  if!  given  by 


C cos  mf) 

« - 1 -r- 

i G J m=0  m 


• cos  k^Zjj  • if(m,k^)  • W(m,k^)  dk^  (5.4a) 


win  re  t lie  i n t I'gr.it  i on  contour  C is  shown  in  Figure  9 and 
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^ (.1  .!'  + Y Y'  ) 
k mm  mm 
t 


mk  \‘ 

Z I 


I 


l\  (.  m , k ) 
z 


-k 

K'  (|k » 
m ' t 

K dk  1r) 

_ m ' t 

M'(k  R) 
m t 


mk 


■ N^(k  R) 
I m t 


if  k 


( 5 . 4bl 


K ('|k  'R) 
1 m ' t 


, if  k 


The  computation  of  B as  given  in  (5.4a)  can  be  quite  laborious  because  (i)  the 
integration  with  respect  to  is  of  infinite  range,  and  the  factor  cos  k^z 
is  highly  oscillatory  for  large  kz^,  (ii)  U'(m,k,^)  has  nonintegrable  singulari- 
ties ot  opposite  sign  on  both  sides  of  k^  = k (iii)  W(m,k_^)  decays  slowly 
witli  respect  to  m and  k^ . 

To  circumvent  the  above  difficulties  in  evaluating  B,  we  adopt  a 
method  introduced  bv  Duncan  [1^1]  in  the  study  of  cylindrical  antenna  problems, 
hot  us  rewrite  (5.4a) 

- r 


' ■ cos  m;  i f f ■^"z"0 

B = liit^  [ ^ i -j  1 r(m,k^)  sin  k^z^  dk^  + j F(m,k^)e  dk 

^'1 


!m=() 


jk  z 
z 

z' ' " z 


(5.5) 


who  re 


F(m,k^)  = [R(m,k^)  + jW(m,k^) ] . (m,k^)  . 


(5.b) 


Thi'  imaginary  part  of 


/ 

Im/-)  , 


tlie  first  term  inside  ttie  bracket  of  (5.5)  is 


Im(-)  F(m,k  ) sin  k z dk  ) = -i  iUm.  k ; . (m , k^ ) sin  k^z^-^  dk^  . (5.7) 

1 ;c^  "1  Jo- 


in order  to  compute  the  imaginary  part  ol  the  second  term  ot  (5.5),  the  Integia- 
tion  contour  ('.  j is  deformed  into  , (Figure  0)  according  to  tlte  theory  of 
■ omplex  variabit's.  Tli  i s manipulation  leads  to 


' I *'  r 

Im  ^ F(m,k^)e  ' dk^  = Im  ^ F(m,k^)e 


dk 


(5.B) 
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Mako  the  change  of  variable  = jn  in  (5.8).  Substitution  of  the  resultant 
equation  and  (5.7)  into  (.5.5)  gives 


" cos  m.|)  r r 

B = J (-1  R(m,k  )ii;(it,k  ) sin  k z dk 

o e 1 J r.  z z 0 z 

n=0  m V ■'  0 


-HZq  "5 

+ I R(m,  jn)ii>(m,  jn)e  dn) 

J 0 J 


Our  fin.al  expression  for  is  given  in  (5.2),  with  its  real  part  G in  (5.3) 

and  it.s  imaginary  part  B in  (5.9).  Several  remarks  are  in  order;  (i)  Not 
only  G but  also  B is  determined  by  R(m,k^),  which  is  much  simpler  than  U'(ra,k^) 
defined  in  (5.4b).  (ii)  B contains  only  a finite  integral.  (iii)  The 
infinite  integral  in  B,  i.e.,  tlie  second  integral  in  (5.9a),  contains  an 
exponentially  decaying  factor  expl-z^  - a)n]  in  its  integrand.  The  emergence 
of  the  evaluation  of  B is  faster  for  larger  z^.  This  is  in  contrast  to  the 
original  expression  of  given  in  (5.1).  (iv)  There  is  no  non integrab le 
singularity  in  (5.3)  or  (5.9). 

The  same  metliod  applies  to  the  derivation  of  an  alternative  expression 
of  Y^  , for  two  identical  axial  slots  (Figure  Ic  with  a^  = a,,  = a and 
b = b.,  = b).  We  give  below  only  the  final  result: 


■■  ^ P )e’ 

k R‘  r.=0  m ■^0  ^ N“(k  R) 

e.  m t 


+ j : Cm,  i ri  )e 

J 0 


l(  /'  2 2 ''i  i 

N |R*  n + k I : 
m , I J 


(5.10a) 


1 ( rr- . k ) 


sin  (m;  ^ ) 

(m.‘  ) 

a 


cos  (k  b,^2) 
z 

(k^b'2)“  - (-/2) 


In  summary,  the  alternative  expression  of  the  exact  modal  solutions  is  given 
in  (5.2),  (5.3),  and  (5.9)  for  two  identical  circumferential  slots,  and  in 


(5.10)  for  two  identical  axial  slots. 
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roCK  l UN'CTIOXS 
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w,(t).  v('),  u(f,),  and  V|(.-,).  Tli  oso  funot  ions  aro  coiniiion  1 y known  as 

Took  1 line t,  ions. 

(i)  Dof  ini  l ion:  For  a oomiile.x  L and  a real  f, , 
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Wj(t)  = — I dz  exp  |lz  - ^ z* 


(A-l) 


v.’2  ( t ) 


_1 


(t) 


(A- 2) 


v(U 


1 jTT/4  1/2  J_  f ''’2^^^  -jf.L 


dt 


(A- 3) 


>i(0  = 


.i3ir/4  3/2  1 f '^2^'-^  -jCt  , 
e-  i — —77T  dt 


(A-4) 


v^(0 


j3TT/4  3/2  I 
o 4 — 


t -4,-rr  o-J'-'  dt 


(A-5) 


(11)  \U'y>  tdue  si*r  ios  rt*prcst?ntntion:  For  real  positivo 
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V^(0 
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(A-b) 
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v'(0 

1 -itr/4 

= 2 e 

i'^  4 

1/2 

CD 

^ (1  - 

-1 
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8 II 
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(j  - i 

2 rr  \ 

3 

(A-10) 

wlu-ro  and  { t } are  zoros  of  w^(t)  and  w^(t),  respoc  t ivo  ly , and 

are  tabulated  in  [17)  and  11]. 


(lii)  Small  argunfuit  asy:nptotlc  expansion:  For  real  positive  C ariil  f.  » 0, 
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(iv)  Ibr'.'-r  ii-;i1 ev.il  iiat  ion:  I'or  f,  j_  r the  rer.idu.o  series  representation 


•i'h  the  fii"  t ten  ti'ii'i..  in  t lu'  summa  t i on  may  be  used.  for  .f  • ’ , the  ..i:ia  1 I 


ai  , orient  asyriptntir  expansion  with  the  fir.st  five  teiiiis  may  In.'  useil.  It  lias 


b It  imlie.ited  in  I12lih.it  the  smnollie.'.i  cro-i. sever  Is  obtained  it  - O.ti. 
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TABLE  I 


Ml'Tl'AL  ADMITT/\i\CE  BETWEEN  TWO  SLOTS 
ON  A PLANE  (E-PLANE  COLPLING) 


' 7. 

Exact 

Approximate 

0.  sx 

-64.57  ciB 

-63.25  dB 

■ 

-110“ 

-108“ 

-69.48 

-69.58 

7«" 

81“ 

2X 

_ . _ 

-75.68 

84° 

85“ 

3. 

-78.58 

-79.22 

86“ 

87“ 

-Hi  J)h 

-81 . 72 

87“ 

88“ 

-87.05 

-87.75 

TABLE  2 

MIITUAL  ADMITTANCE  BETWEEN  SLOTS  ON 
A PLANE  (H-PLANE  COUPLING) 


j-'^o 

Exact 

Approximate 

1 

1 

lA 

-83.41  dB 

-85.04  dB 

-53° 

-180°  1 

1 

1 

2A 

-96.75 

i 

-97.09 

-168° 

-180°  1 

-104.00 

-104.13  j 

1— ^ 

-172° 

-180°  1 

I4X 

-109.07 

-109.13  j 

-174° 

-180°  i 

1 

8A 

-121.18 

I 

_j 

-177° 

-180°  1 

